Eight hydroxylated stilbene derivatives including resveratrol, desoxyrhapontigenin and piceatannol as potential radical scavenger and tyrosinase inhibitor are synthesized using optimized Wittig-Horner reaction for excellent trans-selectivity in good yields. Antioxidant activity was tested against ABTS radical and tyrosinase inhibitory activity was performed with L-tyrosine as the substrate based on previous procedure with some modification. In general, catecholic stilbenes showed stronger activity against ABTS radical and resorcinolic moiety showed stronger tyrosinase inhibitory activity. Synthetic piceatannol which containing both catecholic and resorcinolic moieties showed the strongest activity in both as ABTS radical scavenger and tyrosinase inhibitor with IC50 values of 4.1 and 8.6 µM, respectively.
Introduction
Among of the natural polyphenols, resveratrol 1 is one of the most famous antioxidant found in grapes and red wines (Fig. 1) . 1 Resveratrol, with hydroxy substituted trans-stilbene structure, have multiple beneficial effects on human health such as antioxidant, anti-inflammatory and anti-cancer activities. 2 It has also been revealed that the compound has potent inhibitory effects on cyclooxygenase, 2 human F1 ATPase, 3 and tyrosinase. 4 Tyrosinase, metalloenzyme containing copper, catalyzes two distinct reactions of melanin synthesis through oxidation of copper, the hydroxylation of a monophenol and the conversion of an o-diphenol to the corresponding o-quinone. 5 This enzyme is responsible for browning of fruits and coloring of skin in animals including human being. 6 Inhibitors of tyrosinase is important molecular tools for food quality and skin whitening in human. The strong tyrosinase inhibitor, such as piceatannol, has potential applications as whitening agent in cosmetic preparations or anti-browning agent for food products. Since resveratrol has a simple structure, the compound is an attractive target of chemical studies in view of structure-activity relationships. In this report, we describe to synthesize of resveratrol and its hydroxylated derivatives including desoxyrhapontigenin 3 and piceatannol 4 with their antioxidant and anti-tyrosinase activities.
Results and Discussion
Among the various methods to make unsymmetrical stilbenes, 7 we had used the standard chemical methodologies for synthesis of the hydroxylated trans-stilbene derivatives as shown in Scheme 1. The corresponding benzylphosphonates 12 were obtained from benzylbromides 11 via Michaelis-Arbuzov reaction with triethyl phosphite in xylene at reflux. The following Wittig-Horner reactions were carried out at reflux with the phosphonates, the corresponding benzaldehyde and sodium hydride in THF to yield the trans-stilbenes 13 in excellent geometrical selectivity over the cis-isomers as discussed in previous result. 8 Selective deprotection of benzyl group over methyl group of phenolic ethers 13 was successfully established with 1 equivalent boron tribromide per benzyloxy group and ascorbic acid (0.2 equiv.) at -78 o C (route iii). Both deprotection of benzyl and methyl groups was performed with 3 equivalents boron tribromide per methoxy group, 1 equivalent boron tribromide per benzyloxy group and ascorbic acid (0.2 equiv.) at -20 o C (route iv). Polymerization was minimized with the use of ascorbic acid in this reaction. Melting points and NMR data of compounds 1, 3 and 4 were in agreement with literature data. 9 Antioxidant activity of all synthetic stilbenes 1-8 was tested against ABTS radical. The formation of ABTS radical cation takes place almost instantaneously after addition of potassium persulfate to an ABTS solution. The scavenging ability of the hydroxylated stilbenes against ABTS radicals was concentration dependent as shown in Fig. 2 .
Among the hydroxylated stilbenes, compounds 4 and 5 containing catechol moiety in B-ring had high free radical scavenging activity showing ABTS IC 50 values of 4.1 and 10.3 µM, respectively. Remaining stilbenes which had resorcinol moiety (1-3) and/or destroyed catechol moiety (6) (7) (8) had lower ABTS radical scavenging activity than catecholic stilbenes (4 and 5) (Table 1) . Fortunately, almost all synthetic stilbenes 1-8 showed (4) 4.1 ± 1.1 (4.8) 95.7 ± 1.4 8.6 trans -3',4'-Dihydroxy -3,5-dimethoxystilbene (5) 10.3 ± 0.7 (1.9) 40.6 ± 0.8 > 100 trans-4'-Hydroxy -3, 3',5-trimethoxystilbene (6) 17.4 ± 0.9 (1.1) 14.5 ± 2.5 > 100 trans-3'-Hydroxy -3, 4',5-trimethoxystilbene (7)
12.9 ± 0.7 (1. stronger ABTS-radical scavenging activities than the control compound, Trolox. The relative ABTS IC50 values over Trolox are shown in parentheses. It is noteworthy that the piceatannol 4 showed the strongest antioxidant activity and had 4.8 times stronger activity than Trolox as ABTS radical scavenger. For the evaluation of tyrosinase inhibitory activity, assays were performed with L-tyrosine as the substrate based on previous procedure with some modification.
10 Table 1 summarizes the percentages of inhibition and the IC50 values of 1-8 compared with kojic acid as positive control.
The synthetic resveratrol 1, trans-3,4',5-trihydroxystilbene, showed IC 50 value of 61.3 µM. As compared to this, the reference compound, kojic acid, showed IC50 value of 33.5 µM. Compounds 3, 4 and 8 having resorcinol-like structure on A-ring showed strong tyrosinase inhibitory activity with IC50 values of 7.3, 8.6 and 52.1 µM, respectively. However, the O-dimethylated products on A ring (2, 5-7) showed significantly decrease of inhibitory activity (IC 50 > 100 µM). The loss of activity in 2 and 5-7 was caused by the disappearance of the resorcinol-like structure on A-ring.
11
In conclusion, we synthesized eight hydroxylated stilbene derivatives as potential radical scavenger and tyrosinase inhibitor. All compounds having free phenol groups showed good free radical scavenging activity. Especially, catecholic stilbenes 4 and 5 had the strongest activity against ABTS radical. But, compounds 1, 3 and 8 with resorcinol moiety showed stronger tyrosinase inhibitory activity than catecholic stilbene 5 which has no resorcinol moiety. However, piceatannol 4, which contains resorcinol moiety on A-ring and catechol moiety on B-ring, showed the strongest activities in both as radical scavenger and tyrosinase inhibitor with IC50 values of 4.1 and 8.6 µM, respectively.
Experimental
All chemicals used were purchased from commercial sources and used as received unless otherwise stated. NMR spectra were recorded at Varian Mercury TM300 MHz FT-NMR for 1 H and 75 MHz for 13 C, with the chemical shifts (δ) reported in parts per million (ppm) relative to TMS and the coupling constants (J) quoted in Hz. CDCl3 was used as a solvent and an internal standard. Flash chromatography was carried out using silica gel Merck 60 (230 -400 mesh). Thin-layer chromatography (TLC) was performed on DC-Plastikfolien 60, F 254 (Merck, layer thickness 0.2 mm) plastic-backed silica gel plates with visualization by UV light (254 nm) or by treatment with p-anisaldehyde. Melting points were measured on a MEL-TEMP II apparatus and were uncorrected.
General procedure for synthesis of diethyl benzylphosphonates 12a-b.
Diethyl (3,5-dibenzyloxybenzyl)phosphonate (12a): The corresponding benzylbromide (0.67 g, 1.75 mmol) was heated in dried xylene (10 mL) with triethyl phosphite (0.54 mL, 3.10 mmol) at reflux under N2 gas. After 10 hr, the mixture was cooled to room temperature and evaporated of solvent. The residue was chromatographed on silica gel to give colorless oil (0.71 g, 92%); 1 General procedure for synthesis of compounds 13a-g. (E)-3,4',5-Tribenzyloxystilbene (13a): To a solution of NaH (0.22 g, 5.45 mmol) in THF (20 mL) was added 3,5-dibenzyloxybenzyldiethylphosphonate (12a; 0.40 g, 0.91 mmol) under N2 gas. After 5 min, 4-henzyloxybenzaldehyde (0.25 g, 1.18 mmol) was added. The mixture was refluxed for 1 hr, and then cooled to room temperature. The solution was poured into 4 mL saturated aqueous NaHCO3 and extracted with CH2Cl2 (30 mL × 3). After concentration of combined extracts, the residue was chromatographed on silica gel to give white solid (0.42 g, 93%); General procedure for synthesis of compounds 1-3 and 5-8 (Method iii).
(E)-3,4',5-Trihydroxystilbene (1): In a dried three-neckedflask (E)-3,4',5-tribenzyloxystilbene (13a, 0.335 g, 0.672 mmol) and ascorbic acid (0.024 g, 0.134 mmol) was solved in dried CH2Cl2 (20 mL) under N2 gas and cooled to -78 o C. Then boron tribromide (1.0 M in CH2Cl2, 2.01 mL, 3 equivalents) was slowly added via syringe. Solution was stirred for 1 hr at -78 o C, and then warmed to room temperature and stirred for 2 hr. The reaction was quenched by adding 2 mL water slowly. After stirring for 20 min, the solvent was evaporated and the waterphase was extracted with EtOAc (10 mL × 3). The combined organic layer were dried over anhydrous Na2SO4 and concentrated. The residue was chromatographed on silica gel to give pale-yellow solid (0.059 g, 39%); Synthesis of (E)-3,3',4',5-tetrahydroxystilbene (4) (Method iv). To the stilbene 13g (0.020 g, 0.038 mmol) and ascorbic acid (0.001 g, 0.008 mmol) was solved in dried CH2Cl2 (2 mL) under N2 gas and cooled to -78 o C. Then boron tribromide (1.0 M in CH2Cl2, 0.228 mL, 6 equivalents) was slowly added via syringe. Solution was stirred for 1 hr at -78 o C, and then warmed to room temperature and stirred for 2 hr. The reaction was quenched by adding 2 mL water slowly. After stirring for 20 min, the solvent was evaporated and the water-phase was extracted with EtOAc (5 mL × 3). The combined organic layer were dried over anhydrous Na2SO4 and concentrated. The residue was chromatographed on silica gel to give pale-yellow solids (0.008 g, 54%); Assay for the Trolox equivalent antioxidative capacity (TE AC). The radical cation was prepared by mixing a 7 mM ABTS ·+ stock solution with 2.45 mM potassium persulfate (1/1, v/v) and leaving the mixture for 4 -8 hr until the reaction was complete and the absorbance was stable. The photometric assay was conducted on 0.9 ml of the ABTS ·+ solution and 0.1 mL of test compounds in a MeOH solution and mixed for 45 sec measurements were taken immediately at 734 nm after 1 min. 12 The TEAC value expresses the numbers of µM of Trolox having an antioxidative capacity corresponding to 1.0 µM of the test substance.
Assay for the tyrosinase inhibitory activity. A 10 µL sample was added to an assay mixture containing with 1 mM L-tyrosine solution, 50 mM phosphate buffer, pH 6.5, and 20 µL of aqueous solution of mushroom tyrosinase (1000 U) was added to a 96-well plate, in a total volume of 200 µL. The assay mixture was incubated at 25 o C for 30 min. After incubation, the optical density at 492 nm was measured (Hewlett-Packard).
